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Description 

BACKGROUND OF THE INVENTION 
Field of the invention: 

[0001] The present invention relates to an injection 
apparatus for an electric injection molding machine. 

Description of the related art: 

[0002] Conventionally, in an injection molding 
machine, resin heated and melted in a heating cylinder 
is injected into a cavity of a die under a high pressure so 
that the cavity is f illed with the resin. The molten resin is 
then cooled and hardened to obtain a mold product. The 
mold product is then taken out from the die after the die 
is opened. 

[0003] The injection molding machine includes a die 
clamp apparatus and an injection apparatus. The die 
clamp apparatus is provided with a stationary platen 
and a movable platen, and a movable die is contacted 
with and separated from a stationary die by advancing 
and retracting the movable platen using a die clamping 
cylinder. 

[0004] The injection machine includes a heating cylin- 
der for heating and melting resin supplied from a hopper 
and an injection nozzle for injecting the molten resin. 
Further, a screw is disposed within the heating cylinder 
for advancing and retracting movement. The screw is 
advanced to inject resin and retracted to meter the 
resin. 

[0005] An electric injection molding machine has been 
proposed in which electric motors are used to advance 
and retract the injection apparatus and to advance and 
retract the screw. 

[0006] FIG. 1 is a schematic view of an injection appa- 
ratus used in a conventional electric injection molding 
machine. 

[0007] In FIG. 1 . numeral 2 denotes an injection appa- 
ratus, and numeral 4 denotes a frame of the injection 
apparatus 2. A heating cylinder 21 is fixedly provided on 
the front side (left side in FIG. 1) of the frame 4, and an 
injection nozzle 21a is provided at the front end (left- 
side end in FIG. 1) of the heating cylinder 21 . A hopper 
21b is disposed on the heating cylinder 21 , and a screw 
20 is disposed within the heating cylinder 21 such that 
the screw 20 is rotatable and axially movable. The rear 
end (right-side end in FIG. 1) of the screw 20 is rotatably 
supported by a support member 5. 
[0008] A first servomotor 6 is attached to the support 
member 5, and rotation of the first servomotor 6 is trans- 
mitted to the screw 20 via a timing belt 7a. 
[0009] Further, a screw shaft 8 is rotatably supported 
on the frame 4 in parallel with the screw 20, and the rear 
end of the screw shaft 8 is connected to a second ser- 
vomotor 9 via a timing belt 7b. Therefore, the screw 
shaft 8 can be rotated by the second servomotor 9. The 



front end of the screw shaft 8 is in screw engagement 
with a nut 5a fixed to the support member 5. Accord- 
ingly, the nut 5a can be moved axially by rotating the 
screw shaft 8 by the second servomotor 9 via the timing 
5 belt 7b. 

[001 0] Next, the operation of the injection apparatus 2 
having the above-described structure will be described. 
[0011] In a metering stage, the first servomotor 6 is 
driven to rotate the screw 20 via the timing belt 7a, 

w thereby retracting the screw 20 by a predetermined 
amount. At this time, resin supplied from the hopper2lb 
is heated and melted within the heating cylinder 21 . and 
accumulates on the front side of the screw 20 as the 
screw 20 is retracted. 

15 [0012] In a subsequent injection stage, the injection 
nozzle 21a is pressed against an unillustrated die, and 
the second servomotor 9 is driven to rotate the screw 
shaft 8 via the timing belt 7b. At this time, with the rota- 
tion of the screw shaft 8, the support member 5 is 

20 moved to advance the screw 20. As a result, the resin 
accumulated on the front side of the screw 20 is injected 
from the injection nozzle 21a. 

[0013] FIG. 2 is a schematic view of another injection 
apparatus used in a conventional electric injection 
25 molding machine. An apparatus of this kind is disclosed 
in JP-A-61 266 218. 

[0014] In FIG. 2, numeral 2 denotes an injection appa- 
ratus, and numeral 4 denotes a frame of the injection 
apparatus 2. A heating cylinder 21 is fixedly provided on 

30 the front side (leftside in FIG. 2) of Ihe frame 4, and an 
unillustrated injection nozzfe is provided at the front end 
of the heating cylinder 21 . A screw 20 is disposed within 
the heating cylinder 21 such that the screw 20 is rotata- 
ble and axially movable. A ball screw 31 is formed 

35 extending from the rear end of the screw 20 and a spline 
shaft 32 is formed extending from the rear end of the 
ball screw 31. 

[001 5] A through motor 34 for injection is attached to 
the frame 4 such that the through motor 34 surrounds 

40 the ball screw 31 , and a ball screw nut 37 is fixed to the 
through motor 34. Further, a through motor 35 for 
metering is disposed such that the through motor 35 
surrounds the spline shaft 32, and a spline nut 38 is 
fixed to the through motor 35. 

45 [0016] A numerical controller 39 is connected to the 
through motor 34 for injection and to the through motor 
35 for metering. Injection and metering are performed 
by selectively rotating these motors 34 and 35 by the 
numerical controller 39. In detail, in a metering stage, 

so the through motor 35 for metering and the through 
motor 34 for injection are simultaneously rotated at the 
same speed, so that the spline shaft 32, the ball screw 
31 and the screw 20 rotate for metering. At this time, 
power supplied to the through motor 34 for injection may 

55 be adjusted to provide a difference in rotational speed 
between the ball screw nut 37 and the spline nut 38, 
thereby retracting the screw 20. With this operation, 
back pressure can be controlled during metering. 
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[0017] In an injection stage, the through motor 34 for 
injection is rotated while the through motor 35 for meter- 
ing is stopped, so that the ball screw 31 is advanced by 
rotation of the ball screw nut 37. As a result, the screw 
20 is advanced to perform injection. 
[0018] However, in the conventional injection appara- 
tus shown in FIG. 1 . noise is produced during drive due 
to use of the timing belts 7a and 7b. Also, the injection 
apparatus becomes larger because the first and second 
servomotors 6 and 9 are not disposed on the same axis 
as that of the screw 20. Further, wear of the timing belts 
7a and 7b makes maintenance and management trou- 
blesome, and the elasticity of the timing belts 7a and 7b 
degrades accuracy in controlling the speed, position 
and the like ol the screw 20. In addition, since the first 
servomotor 6 is advanced and retracted together with 
the screw 20, the reliability of wiring for the motor and 
the like becomes low. 

[0019] In the conventional injection apparatus shown 
in FIG. 2, the ball screw 31 and the spline shaft 32 are 
integrated together, and the ball screw nut 37 screw- 
engaged with the ball screw 31 is rotated by the through 
motor 34 for injection, while the spline nut 38 spline- 
engaged with the spline shaft 32 is rotated by the 
through motor 35 for metering. 

[0020] When metering is performed, for example, the 
through motor 34 for injection is rotated faster than the 
through motor 35 for metering so as to apply back pres- 
sure to the screw 20. Therefore, the through motor 35 
for metering and the through "motor 34 for injection must 
be driven in a synchronized manner. However, since the 
through motor 35 for metering and the through motor 34 
for injection are both difficult to control, accuracy in con- 
trolling back pressure is inadequate. 
[0021 ] When injection is performed, the ball screw nut 
37 is rotated, so that a large rotational inertia is pro- 
duced at the drive section. Therefore, control character- 
istics such as acceleration are inadequate. 
[0022] At this time, the through motor 35 for metering 
restricts rotation of the screw 20. Therefore, the through 
motor 35 for metering produces a force equal to the 
rotational force for injection so as to maintain its initial 
position. Accordingly, the through motor 35 for metering 
must have a large capacity. 

SUMMARY OF THE INVENTION 

[0023] An object of the present invention is to solve 
the above-mentioned problems in the conventional 
injection apparatus for an electric injection molding 
machine, and to provide an injection apparatus for an 
electric injection molding machine which facilitates 
maintenance and management, which enhances accu- 
racy in controlling the speed, position and the like of a 
screw, and which facilitates the control of motors. 
[0024] To achieve the above object, the present inven- 
tion provides an improved injection apparatus for an 
electric injection molding machine. The injection appa- 



ratus includes a drive unit case, a metering motor dis- 
posed within the drive unit case, an injection motor 
disposed within the drive unit case and coaxial with the 
metering motor, a first drive force transmission means 

5 connected between the metering motor and a screw, 
being adapted to prevent relative rotational movement 
while allowing relative axial movement, a motion con- 
version means connected between the injection motor 
and the screw, being adapted to convert rotational 

70 movement to linear movement so as to advance the 
screw, a second drive force transmission means con- 
nected between the drive unit case and the screw, being 
adapted to prevent relative rotational movement while 
allowing relative axial movement, and a third drive force 

75 transmission means connected between the motion 
conversion means and the screw, being adapted to pre- 
vent relative axial movement while allowing relative 
rotational movement. 

[0025] In this injection apparatus, when the injection 
20 motor is driven in an injection stage, rotation produced 
by the injection motor is transmitted to the motion con- 
version means, in which the rotational movement is con- 
verted into linear movement. 

[0026] At this time, the metering motor is not driven. 

25 Thus, the screw is advanced while being prevented from 
rotating, so that resin accumulated on the front side of 
the screw is injected from the injection nozzle. 
[0027] When the metering motor is driven in a subse- 
quent metering stage, rotation produced by the meter- 

30 ing motor *fe transmitted to the screw via the second 
drive force transmission means. Accordingly, the screw 
is retracted with rotation! 

[0028] As described above, it is unnecessary to use 
timing belts for advancing and retracting movement and 

35 rotational movement of the screw. 

[0029] Therefore, no noise is generated during drive, 
and maintenance and management can be facilitated. 
In addition, accuracy in controlling the speed, position 
and the like of the screw can be enhanced. 

40 [0030] Since the third drive force transmission means 
transmits linear movement from the motion conversion 
means to the screw while allowing the relative rotational 
movement of the screw, it is unnecessary to synchro- 
nously drive the metering motor and the injection motor. 

45 This facilitates control of the metering motor and the 
injection motor, and enhances accuracy in controlling 
back pressure. 

[0031 ] In an embodiment of an injection apparatus for 
an electric injection molding machine according to the 

so present invention, the first drive force transmission 
means includes a hollow first rotor shaft fixed to the 
rotor of the metering motor and rotatably supported with 
respect to the drive unit case, a first spline nut fixed to 
the first rotor shaft, and a first spline shaft spline- 

55 engaged with the first spline nut. 

[0032] In still another embodiment according to the 
present invention, the motion conversion means 
includes a hollow second rotor shaft fixed to the rotor of 
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the injection motor and rotatably supported with respect 
to the drive unit case, a ball screw shaft integrally con- 
nected to the second rotor shaft and rotatably sup- 
ported with respect to the drive unit case, and a ball nut 
screw-engaged with the ball screw shaft, being adapted 
to be advanced and retracted with rotation of the ball 
screw shaft. 

[0033] In yet another embodiment according to the 
present invention, the second drive force transmission 
means includes a second spline nut fixed to the drive 
unit case, and a second spline shaft spline-engaged 
with the second spline nut. 

[0034] Also, the present invention provides an injec- 
tion apparatus for an electric injection molding machine 
which includes a drive unit case, a metering motor dis- 
posed within the drive unit case and including a stator 
fixed to the drive unit case and a rotor rotatable relative 
to the stator, an injection motor disposed within the drive 
unit case to be coaxial with the metering motor and 
including a stator fixed to the drive unit case and a rotor 
rotatable relative to the stator. a hollow first rotor shaft 
fixed to the rotor of the metering motor and rotatably 
supported with respect to the drive unit case, a hollow 
second rotor shaft fixed to the rotor of the injection 
motor and rotatably supported with respect to the drive 
unit case, a ball screw shaft integrally connected to the 
second rotor shaft and rotatably supported with respect 
to the drive unit case, a ball nut screw-engaged with the 
ball screw shaft, being adapted to be advanced and 
retracted with rotation -of the ball -screw shaft, a first 
spline nut fixed to the first rotor shaft, a first spline shaft 
spline-engaged with the first spline nut and connected 
to a screw through its front end. a second spline nut 
fixed to the drive unit case, and a second spline shaft 
spline-engaged with the second spline nut, the first 
spline shaft being rotatably supported by the front end 
of the second spline shaft and the rear end of the sec- 
ond spline shaft being connected to the ball nut. 
[0035] When the injection motor is driven in an injec- 
tion stage so as to rotate the rotor of the injection motor, 
rotation of the rotor of the injection motor is transmitted 
to the ball screw shaft via the second rotor shaft. Due to 
the rotation of the ball screw shaft, a thrust force is gen- 
erated in the ball nut, whereby the ball nut is advanced. 
[0036] At this time, the metering motor is not driven 
and the rotor of the metering motor therefore is in a 
* stopped state. Accordingly, the first spline shaft is 
advanced without being rotated, so that the screw is 
advanced. As a result, resin accumulated on the front 
side of the screw is injected from the injection nozzle. 
[0037] When the metering motor is driven in a subse- 
quent metering stage so as to rotate the rotor of the 
metering motor, rotation of the rotor of the metering 
motor is transmitted to the first spline shaft via the first 
rotor shaft. The rotation of the first spline shaft is then 
transmitted to the screw. As a result, the screw is 
retracted while being rotated. At this time, the injection 
motor is rotated in a direction for retracting the screw 



while controlling the back pressure of the resin to be 
metered. 

[0038] As described above, it is unnecessary to use 
timing belts for advancing and retracting movement and 

5 rotational movement of the screw. 

[0039] Therefore, no noise is generated during drive, 
and maintenance and management can be facilitated. 
In addition, accuracy in controlling the speed, position 
and the like of the screw can be enhanced. 

w [0040] Since the first spline shaft and the ball nut can 
rotate relative to each other, it is unnecessary to syn- 
chronously drive the metering motor and the injection 
motor. This facilitates control of the metering motor and 
the injection motor, and enhances accuracy in corrtrol- 

is ling back pressure. Moreover, since the rotational force 
of the injection motor is resisted by the second spline 
nut, the metering motor does not receive the rotational 
force. Accordingly, the capacity of the metering motor 
can be decreased. 

20 [0041 ] Since both the metering motor and the injection 
motor can be used in a fixed state in all stages, the reli- 
ability of wiring for the motors and the like can be 
enhanced. 

[0042] In yet another embodiment according to the 
25 present invention, the ball screw shaft, the ball nut. the 
first spline shaft and the second spline shaft are remov- 
ably disposed within the first and second rotor shafts. 
[0043] In this case, the drive unit can be separated 
into a motor assembly and a drive shaft assembly. 
30 Therefore, it is possible to separately-manufacture the ~ 
motor assembly and the drive shaft assembly. After that, 
the metering motor and the injection motor of the motor 
assembly are driven to respectively check their opera- 
tions. After the checking, the drive shaft assembly is 
35 inserted into the motor assembly so as to check the 
operation of the drive unit. 

[0044] Therefore, the motor assembly and the drive 
shaft assembly can be maintained and managed sepa- 
rately. 

40 [0045] Yet another ernbodiment according to the 
present invention includes an absolute pulse encoder 
provided at an end of the ball screw shaft. 
[0046] In this case, the position of the ball nut is calcu- 
lated based on an absolute rotational position signal 

45 output from the absolute pulse encoder and the lead of 
the ball screw shaft so as to control the position of the 
screw. 

[0047] Therefore, the position of the ball nut can be 
detected by the absolute pulse encoder, and the posi- 
50 tion, speed and the like of the screw can be controlled. 
As a result, it becomes unnecessary to provide an 
encoder for driving the injection motor. This reduces 
costs of the injection apparatus. 

[0048] In addition, since a mechanism for transmitting 
55 drive power does not exist between the rotor of the 
injection motor and the ball screw shaft, accuracy in 
detecting the position of the ball nut can be enhanced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The structure and features of the injection 
apparatus for an electric injection molding machine 
according to the present invention will be readily appre- 
ciated as the same becomes better understood by refer- 
ring to the accompanying drawings, in which: 

FIG. 1 is a schematic view of an injection apparatus 
used in a conventional electric injection molding 
machine; 

FIG. 2 is a schematic view of another injection 
apparatus used in a conventional electric injection 
molding machine; 

FIG. 3 is a schematic view of a heating cylinder of 
an electric injection molding machine according to 
an embodiment of the present invention; 
FIG. 4 is a sectional view of a drive unit of an injec- 
tion apparatus according to the embodiment of the 
present invention; and 

FIG. 5 is an exploded view of the drive unit of the 
injection apparatus according to the embodiment of 
the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0050] An embodiment of the present invention will 
next be described in detail with reference to the draw- 
ings. 

[0051 ] FIG. 3 is a schematic view of a heating cylinder 
of an electric injection molding machine according to an 
embodiment of the present invention. 
[0052] In FIG. 3. numeral 12 denotes a heating cylin- 
der, which has an injection nozzle 12a at its front end 
(left-side end in FIG. 3). A screw 22 is disposed within 
the heating cylinder 12 such that the screw 22 is 
allowed to advance, retract and rotate. 
[0053] The screw 22 has a screw head 22a at its front 
end and extends rearward (in the rightward direction in 
FIG. 3) within the heating cylinder 12. The rear end 
(right-side end in FIG. 3) of the screw 22 is connected to 
a drive unit, which will be described later. Also, a spiral 
flight 23 is formed on the peripheral surface of the screw 
22, resulting in the formation of a groove 26. 
[0054] A resin supply port 29 is formed at a predeter- 
mined position on the heating cylinder 12, and a hopper 
30 is fixed to the resin supply port 29. The resin supply 
port 29 is formed at a position such that the resin supply 
port 29 faces the rear end portion of the groove 26 when 
the screw 22 is positioned at a forwardmost position (in 
the leftward direction in FIG. 3) of the heating cylinder 
12. 

[0055] In a metering stage, the drive unit is driven to 
retract the screw 22 with rotation. With this operation, 
pelleted resin 33 in the hopper 30 descends and enters 
the heating cylinder 12. The resin 33 is then advanced 
along the groove 26. 

[0056] An unillustrated heater is disposed around the 



heating cylinder 12. 

[0057] The heating cylinder 1 2 is heated by the heater 
so as to melt the resin 33 in the groove 26. Accordingly, 
when the screw 22 is retracted by a predetermined 
s amount while being rotated, molten resin 33 for one 
shot accumulates on the front side of the screw head 
22a. 

[0058] In a subsequent injection stage, the screw 22 
is advanced without rotation by driving the drive unit. 
10 With this operation, the resin 33 accumulated on the 
front side of the screw head 22a is injected from the 
injection nozzle 12a, and is charged into a cavity of an 
unillustrated die. 

{0059] Next, the driving unit will be described. 

is [0060] FIG. 4 is a sectional view of a drive unit of an 
injection apparatus according to the embodiment of the 
present invention, and FIG. 5 is an exploded view of the 
drive unit of the injection apparatus according to the 
embodiment of the present invention. 

20 [0061] In FIG. 4, numeral 1 1 denotes a drive unit case 
enclosing the drive unit, and the drive unit case 1 1 is 
fixed to the rear end (right-side end in FIG. 4) of the 
heating cylinder 12. The drive unit case 11 comprises a 
front cover 13. a front support 14. a center support 15. 

25 a rear support 1 6. a rear cover 1 7, a front frame 41 con- 
necting the front support 14 and the center support 1 5. 
and a rear frame 42 connecting the center support 15 
and the rear support 16. The front cover 13 is fixed to 
the front support 14 using bolts 18, and the rear cover 

30 1 7 is fixed to the fear support T6 using bolts-1 9r 

[0062] A metering motor 44 and an injection motor 45 
are disposed at front and rear portions of the drive unit 
case 1 1 . respectively, such that the metering motor 44 
and the injection motor 45 share a common rotational 

35 axis. The metering motor 44 includes a stator 46 fixed to 
the front frame 41, and a rotor 47 disposed inside the 
stator 46. The injection motor 45 includes a stator 48 
fixed to the rear frame 42, and a rotor 49 disposed 
inside the stator 48. 

40 [0063] The rotor 47 is supported so as to be rotatabte 
relative to the drive unit case 11 . In detail, a hollow first 
rotor shaft 56 is fitted into the rotor 47 and fixed thereto, 
and the front end of the first rotor shaft 56 is supported 
by the front support 14 via a bearing 51 while the rear 

45 end of the first rotor shaft 56 is supported by the center 
support 1 5 via a bearing 52. _ 
[0064] Similarly, the rotor 49 is supported so as to be 
rot atable relative to the drive unit case 11. In detail, a 
{K>?iov7 second rotor sRaffj7 is fitted into the rotor 49 
so and fixed thereto, andthefront end of the second rotor 
shaft 57 is supported by the center support 15 via a 
(^^ring^)while the rear end of the second rpj gj shg ^ * 
STTs supported by the rear support 1 6 via a j^ring~54 > 
[0065] When a current of a predetermined frequency 
55 is supplied to the stator 46 of the metering motor 44. the 
screw 22 (FIG. 3) is retracted while being rotated. To 
realize this motion, a first spline nut 62 is fixed to the 
inner circumferential of the front end of the first rotor 
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shaft 56, the first spline nut 62 and a first spline shaft 63 
are spline-engaged with each other, and the screw 22 is 
■ fixed to the front end of the first spline shaft 63. The first 
spline nut 62 and the first spline shaft 63 constitute a 
; first drive force transmission means which restricts rela- 
i five rotational movement and allows relative axial move- 
:' ment. The first spline shaft 63 has a length 
corresponding to the stroke of the screw 22. 
[0066] Accordingly, when the rotor 47 is rotated by 
driving the metering motor 44, the rotation ol the rotor 
47 is transmitted to the screw 22 via the first rotor shaft 
56, the first spline nut 62, and the first spline shaft 63, so 
that the screw 22 is rotated. As a result, the resin 33 is 
advanced along the groove 26 white being gradually 
melted, and the screw 22 is retracted due to back pres- 
\ sure which is generated with the advancement of the 
I resin 33. 

= [0067] Since the first spline nut 62 and the first spline 

• shaft 63 are spline- engaged with each other, the first 
> spline shaft 63 is retracted relative to the first spline nut 

\ 62. 

,; [0068] Also, the screw 22 can be advanced without 
rotation by supplying the stator 48 of the injection motor 
; 45 with a current of a predetermined frequency. To real- 
: ize this motion, an annular bearing retainer 64 is fixed to 
the rear end of the second rotor shaft 57, and the ball 
j screw shaft 65 is fitted into the inner circumferential of 
i the bearing retainer 64 and fixed thereto. The ball screw 
. shaft 65 is supported to be rotatable with respect to the 
'= drive unit case 11. In detail, the ball screw-shaft 65 is 
; supported by the (gearing 66j^ia the bearing retainer 64 

• and is also supportea r Dy~the rear cover 1 7 via a R earing 
/JaZijisposed on the rear side of the bearing 66. 

[0069] A ball nut 69 is disposed within the second 
rotor shaft 57 in an axially movable manner. The ball nut 
69 is screw-engaged with the ball screw shaft 65 to con- 
stitute a motion conversion means. Accordingly, rotation 
of the rotor 49 is transmitted to the ball screw shaft 65 
via the second rotor shaft 57 and the bearing retainer 
64, so that the rotational movement of the rotor 49 is 
converted into linear movement to advance and retract 
the ball nut 69. 

[0070] To prevent the ball nut 69 from rotating together 
with the ball screw shaft 65, a second spline shaft 71 is 
fixed to the front end of the ball nut 69, and a second 
spline nut 76 fixed to the center support 15 is spline- 
engaged with the second spline shaft 71. The second 
spline nut 76 and the second spline shaft 71 constitute 
a second drive force transmission means which restricts 
relative rotational movement and allows relative axial 
movement. The second spline shaft 71 has a length cor- 
responding to the stroke of the screw 22. 
[0071] A bearing box 72 serving as a third drive force 
transmission means is fixed to the front end of the sec- 
ond spline shaft 71 . A thrust bearing 73 is disposed in 
the front end portion of the bearing box 72 while a bear- 
ing 74 is disposed in the rear end portion of the bearing 
box 72. In this case, the bearing box 72 restricts relative 



axial movement and allows relative rotational move- 
ment. Accordingly, the first spline shaft 63 is supported 
by the thrust bearing 73 and the bearing 74 while being 
allowed to rotate relative to the second spline shaft 71 
5 and the ball nut 69. Numeral 85 denotes an absolute 
pulse encoder for detecting the position of the screw 22, 
and numeral 86 denotes a bracket for supporting the 
absolute pulse encoder 85. 

[0072] Next, the operation of the drive unit having the 

io above-described structure will be described. 

[0073] When a current is supplied to the stator 48 of 
the injection motor 45 in an injection stage, the rotor 49 
is rotated, and the rotation of the rotor 49 is transmitted 
to the ball screw shaft 65 via the second rotor shaft 57 

15 and the bearing retainer 64, so that the ball screw shaft 
65 is rotated. Since the second spline nut 76 fixed to the 
center support 15 is spline-engaged with the second 
spline shaft 71 , the ball nut 69 does not rotate. Accord- 
ingly, a thrust force is generated in the ball nut 69, 

20 whereby the ball nut 69 is advanced. 

[0074] During the above-described injection stage, the 
metering motor 44 is not driven, and the rotor 47 is 
therefore in a stopped state. Accordingly, the first spline 
shaft 63 disposed on the front side of the ball nut 69 is 

25 advanced without being rotated so as to advance the 
screw 22. 

[0075] As described above, rotational movement pro- 
duced by the injection motor 45 is converted into linear 
movement by the ball screw shaft 65 and the ball nut 69. 

3o. As a result, tharesio- 33. accumulated on the front side 
of the screw 22 is injected from the injection nozzle 1 2a. 
[0076] When a current is supplied to the stator 46 of 
the metering motor 44 in a subsequent metering stage, 
the rotor 47 is rotated, and the rotation of the rotor 47 is 

35 transmitted to the first spline shaft 63 via the first rotor 
shaft 56 and the first spline nut 62, so that the first spline 
shaft 63 is rotated. The rotation of the first spline shaft 
63 is then transmitted to the screw 22 so as to rotate the 
screw 22. With the rotation of the screw 22, the resin 33 

40 is advanced along the groove 26 while being gradually 
melted, and the screw 22 is retracted due to back pres- 
sure which is generated with the advancement of the 
resin 33. 

[0077] Since the first spline nut 62 and the first spline 
45 shaft 63 are spline-engaged with each other, the first 
spline shaft 63 is retracted relative to the first spline nut 
62. 

[0078] The injection motor 45 is driven while control- 
ling the back pressure of the resin 33 to be metered, 

50 and the rotor 49 is rotated in a direction for retracting the 
screw 22. The back pressure can be obtained based on, 
for example, the load applied to the screw 22 and so on 
in the axial direction which is detected by an unillus- 
trated load sensor, or the pressure of the resin 33 within 

55 the heating cylinder 12 detected by an unillustrated 
pressure sensor. 

[0079] As described above, since the timing belts 7a 
and 7b (see FIG. 1) are not required for advancing and 
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retracting movement and rotational movement of the 
screw 22, no noise is generated during drive, and main- 
tenance and management can be facilitated. In addi- 
tion, accuracy in controlling the speed, position and the 
like of the screw 22 can be enhanced. Moreover, since 5 
the ball screw shaft 65 is rotated during injection, rota- 
tional inertia can be decreased compared to the case 
where the ball nut 69 is rotated for injection. This 
improves control characteristics such as acceleration. 
[0080] Since the first spline shaft 63 and the ball nut w 
69 can rotate relative to each other via the thrust bear- 
ing 73 and the bearing 74, it is unnecessary to synchro- 
nously drive the metering motor 44 and the injection 
motor 45, so that control of the metering motor 44 and 
the injection motor 45 becomes easier. In addition, is 
accuracy in controlling the above-described back pres- 
sure can be enhanced. Moreover, since the rotational 
force of the injection motor 45 is resisted by the second 
spline nut 76, the metering motor 44 does not receive 
the rotational force. Accordingly, the capacity of the 20 
metering motor 44 can be decreased. 
[0081] Since both the metering motor 44 and the 
injection motor 45 can be used in a fixed state in all 
stages, the reliability of wiring for the motors and the like 
can be enhanced. 25 
[0082] The drive unit of the injection apparatus having 
the above-described structure can be separated into a 
motor assembly 81 and a drive shaft assembly 82, as 
shown in FIG. 5. 

[0083] The motor assembly 81 comprises the front 30 
support 14, the center support 15, the rear support 16, 
the front frame 41, the rear frame 42, the metering 
motor 44, the injection motor 45, the first rotor shaft 56, 
the second rotor shaft 57, the spline nut 62, the spline 
nut 76, and the like. The drive shaft assembly 82 com- 35 
prises the spline shaft 63, the bearing retainer 64, the 
ball screw shaft 65, the ball nut 69, the spline shaft 71, 
the bearing box 72, and the like. 
[0084] Accordingly, it is possible to separately manu- 
facture the motor assembly 81 and the drive shaft 40 
assembly 82. After that, the metering motor 44 and the 
injection motor 45 of the motor assembly 81 are driven 
to respectively check their operations. After the check- 
ing, the drive shaft assembly 82 is inserted into the 
motor assembly 81 , and the front cover 13 and the rear 45 
cover 1 7 are fixed to the motor assembly 81 . The oper- 
ation of the drive unit is then checked. 
[0085] Therefore, the motor assembly 81 and the drive 
shaft assembly 82 can be maintained and managed 
separately. so 
[0086] Moreover, a bracket 86 is fixed to the rear cover 
1 7, and an absolute pulse encoder 85 is attached to the 
bracket 86 such that the absolute pulse encoder 85 
races the end portion of the ball screw shaft 65. When 
the injection motor 45 is driven in an injection stage so ss 
as to rotate the second rotor shaft 57. the ball screw 
shaft 65 is rotated. During this operation, the absolute 
rotational position of the ball screw shaft 65 is detected 



by the absolute pulse encoder 85. 
[0087] The position of the ball nut 69 is calculated 
based on the absolute rotational position signal (abso- 
lute signal) output from the absolute pulse encoder 85, 
and the lead of the ball screw shaft 65 (the amount of 
movement of the ball nut 69 per revolution) so as to con- 
trol the position of the screw 22. In this case, difference 
is produced between the actual position of the ball nut 
69 and the position obtained by the calculation if play 
(backlash) exists between the ball screw shaft 65 and 
the ball nut 69. However, such an error can be mostly 
eliminated by using a pre-load type ball screw device as 
the ball screw shaft 65. Since a mechanism for transmit- 
ting drive power does not exist between the rotor 49 and 
the ball screw shaft 65, accuracy in detecting the posi- 
tion of the ball nut 69 can be enhanced. 
[0088] When a servomotor is used as the injection 
motor 45, an absolute pulse encoder 85 for motor con- 
trol is provided to feed back the number of rotation of the 
rotor 49, pulses corresponding to the rotation of the 
rotor 49, or the like so as to perform positional control, 
speed control and the like for the screw 22. 
[0089] In the present embodiment, since the rotor 49 
and the ball screw shaft 65 are connected with each 
other via the second rotor shaft 57 and the bearing 
retainer 64. difference in speed is not produced 
between the rotor 49 and the ball screw shaft 65. 
Accordingly, a signal (incremental signal) representing 
the rotational number of the ball screw shaft 65 can be 
used to controrthe injection [ 'motor 45. 
[0090] As described above, the use of the absolute 
pulse encoder 85 makes it possible not only to detect 
the position of the ball nut 69 but also to perform posi- 
tional control, speed control and the like for the screw 
22. Accordingly, it becomes unnecessary to provide an 
encoder for driving the injection motor 45. This reduces 
costs of the injection apparatus. 

[0091] The present invention is not limited to the 
above-described embodiments. Numerous modifica- 
tions and variations of the present invention are possi- 
ble within the present invention as defined in the claims. 

Claims 

1 . An injection apparatus for an electric injection mold- 
ing machine, comprising: 

(a) a drive unit case (11); 

(b) a metering motor (44) disposed within said 
drive unit case; 

(c) an injection motor (45) disposed within said 
drive unit case and coaxial with said metering 
motor; 

(d) a first drive force transmission means (62, 
63) connected between said metering motor 
and a screw, being adapted to prevent relative 
rotational movement while allowing relative 
axial movement; 
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(e) a motion conversion means (65. 69) con- 
nected between said injection motor and said 
screw, being adapted to convert rotational 
movement to linear movement so as to 
advance said screw; 5 

(f) a second drive force transmission means 
(71, 76) connected between said drive unit 
case and said screw, being adapted to prevent 
relative rotational movement while allowing rel- 
ative axial movement; and 10 

(g) a third drive force transmission means (72) 
connected between said motion conversion 
means and said screw, being adapted to pre- 
vent relative axial movement while allowing rel- 
ative rotational movement. is 

2. An injection apparatus for an electric injection mold- 
ing machine according to Claim 1 . wherein said first 
drive force transmission means comprises: 

20 

a hollow first rotor shaft fixed to the rotor of said 
metering motor and rotatably supported with 
respect to said drive unit case; 
a first spline nut (62) fixed to said first rotor 
shaft; and 25 
a first spline shaft (63) spline-engaged with 
said first spline nut. 

3. An injection apparatus for an electric injection mold- 
ing machine according to Claim 1, wherein said 30 
motion conversion means comprises: 

a hollow second rotor shaft fixed to the rotor of 
said injection motor and rotatably supported 
with respect to said drive unit case; 35 
a ball screw shaft (65) integrally connected to 
said second rotor shaft and rotatably supported 
with respect to said drive unit case; and 
a ball nut (69) screw-engaged with said ball 
screw shaft, being adapted to be advanced and 40 
retracted with rotation of said ball screw shaft. 

4. An injection apparatus for an electric injection mold- 
ing machine according to Claim 1. wherein said 
second drive force transmission means comprises: 45 

a second spline nut (76) fixed to said drive unit 
case; and 

a second spline shaft (71) spline-engaged with 
said second spline nut. so 

5. An injection apparatus for an electric injection mold- 
ing machine, comprising: 

(a) a drive unit case (11): ss 

(b) a metering motor (44) disposed within said 
drive unit case and including a stator (46) fixed 
to said drive unit case and a rotor rotatable rel- 



ative to said stator; 

(c) an injection motor (45) disposed within said 
drive unit case to be coaxial with said metering 
motor and including a stator (48) fixed to said 
drive unit case and a rotor (49) rotatable rela- 
tive to said stator; 

(d) a hollow first rotor shaft fixed to the rotor of 
said metering motor and rotatably supported 
with respect to said drive unit case; 

(e) a hollow second rotor shaft fixed to the rotor 
of said injection motor and rotatably supported 
with respect to said drive unit case; 

(f) a ball screw shaft (65) integrally connected 
to said second rotor shaft and rotatably sup- 
ported with respect to said drive unit case; 

(g) a ball nut (69) screw-engaged with said ball 
screw shaft, being adapted to be advanced and 
retracted with rotation of said ball screw shaft; 

(h) a first spline nut (62) fixed to said first rotor 
shaft; 

(i) a first spline shaft (63) spline-engaged with 
said first spline nut and connected to a screw 
through its front end; 

(j) a second spline nut (76) fixed to said drive 
unit case; =»-*d 

(k) a secc j spline shaft (71) spline-engaged 
with said second spline nut. said first spline 
shaft being rotatably supported by the front end 
of said second spline shaft and the rear end of 
said_second .spline shaft being .connected to . 
said ball nut. 

6. An injection apparatus for an electric injection mold- 
ing machine according to Claim 5, wherein said ball 
screw shaft! said ball nut, said first spline shaft and 
said second spline shaft are removably disposed 
within said first and second rotor shafts. 

7. An injection apparatus for an electric injection mold- 
ing machine according to Claim 1, wherein an 
absolute pulse encoder (85) is provided at an end 
of said ball screw shaft. 

Patentansp ruche 

1. Spritzvorrichtung fur eine elektrische SpritzguBan- 
lage. umfassend: 

(a) ein Antriebseinheitengehause (11); 

(b) einen Dosiermotor (44), der in dem 
Antriebseinheitengehause angeordnet ist; 

(c) einen Einspritz motor (45), der in dem 
Antriebseinheitengehause und koaxial mit dem 
Dosiermotor angeordnet ist; 

(d) ein erstes Antriebskraftubertragungsmittel 
(62, 63), das zwischen dem Dosiermotor und 
einer FGrderschnecke verbunden ist, die ange- 
paBt ist, urn eine relative Drehbewegung zu 
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3. 



verhindern, wahrend eine relative Axialbewe- 
gung ermOglicht wird; 

(e) ein Bewegungsumwandlungsmittel (65. 69), 
das zwischen derm Einsprtamotor und der F6r- 
derschnecke verbunden ist, das angepaBt ist, 
urn eine Drehbewegung in eine lineare Bewe- 
gung zu wandeln, um damit die Fdrder- 
schnecke vorzubewegen; 

(f) ein zweites Antriebskraftubertragungsmittel 
(71 , 76), das zwischen dem Antriebseinheiten- 
gehause und der FOrderschnecke verbunden 
ist, das angepaBt ist, um eine relative Drehbe- 
wegung zu verhindern, wahrend eine relative 
Axialbewegung ermOglicht wird; und 

(g) ein drittes Antriebskraftubertragungsmittel 
(72), das zwischen dem Bewegungsumwand- 
lungsmittel und der FGrderschnecke verbunden 
ist, das angepaGt ist, um eine relative axiale 
Bewegung zu verhindern. wahrend eine rela- 
tive Drehbewegung ermdglicht wird. 

Spritzvorrichtung fur eine elektrische Spritzgu Ban- 
lag e nach Anspruch 1 , wobei das erste Antriebs- 
kraftubertragungsmrttel umfaBt: 

eine hohle erste Drehwelle. die an dem Rotor 
des Dosiermotors angebracht ist und drehbar 
gegenuber dem Antriebseinheitengehause 
getragen wird; 

eine erste Keilwellenmutter (62), die auf der 
ersten Rotorwelle angebracht ist; und 
eine erste Keilwelle (63), die keilwellenartig mit 
der ersten Keilwellenmutter in Eingrrff steht. 

Spritzvorrichtung fur eine elektrische SpritzguBan- 
lage nach Anspruch 1, wobei das Bewegungsum- 
wandlungsmittel umfaBt: 

eine hohle zweite Rotorwelle, die an dem Rotor 
des Einspritzmotors und drehbar in bezug auf 
das Antriebseinheitengehause gestutzt ist; 
eine Kugelumlaufspinde! (65), die integral mit 
der zweiten Rotorwelle verbunden ist und dreh- 
bar in bezug auf das Antriebseinheitenge- 
hause gestutzt wird; und 

eine Kugelmutter (69). die mit der Kugelumlauf- 
spindel schraubenartig in Eingriff steht, die 
angepaGt ist, sich unter Drehen der Kugelum- 
laufspindel vor und zuruckzubewegen. 

Spritzvorrichtung fur eine elektrische Spritzgu Ban- 
lage nach Anspruch 1, wobei das zweite Antriebs- 
kraftubertragungsmrttel umfaBt: 

eine zweite Keilwellenmutter (76). die an dem 
Antriebseinheitengehause angebracht ist; und 
eine zweite Keilwelle (71), die keilwellenartig 
mit der zweiten Keilwellenmutter in Eingriff 



steht. 

5. Spritzvorrichtung fur eine elektrische SpritzguBan- 
lage* umfassend: 

5 

(a) ein Antriebseinheitengehause (11); 

(b) einen Dosiermotor (44), der innerhalb des 
Antriebseinheitengehauses angeordnet ist und 
einen Stator (46) einschlieBt. der an dem 

w Antriebseinheitengehause angebracht ist, und 

einen relativ zum Stator drehbaren Rotor ein- 
schlieBt; 

(c) einen Einspritzmotor (45), der innerhalb des 
Antriebseinheitengehauses koaxial mit dem 

15 Dosiermotor angeordnet ist, und einen Stator 

(48), der mit dem Antriebseinheitengehause 
verbunden ist, und eine relativ zu dem Stator 
drehbaren Rotor (49) umfaBt; 

(d) eine hohle erste Drehwelle, die an dem 
20 Rotor des Dosiermotors befestigt ist und dreh- 
bar in bezug auf das Antriebseinheitenge- 
hause gestutzt ist; 

(e) eine hohle zweite Drehwelle, die mit dem 
Rotor des Einspritzmotors verbunden ist und 

25 drehbar in bezug auf das Antriebseinheitenge- 

hause gestutzt ist; 

(f) eine Kugelumlaufspindel (65), die integral 
mit der zweiten Drehwelle verbunden ist und 
drehbar in bezug auf das Antriebseinheitenge- 

30" hause gestutzt ist; 

(g) eine Kugelmutter (69), die mit der Kugelum- 
laufspindel zum Vor- und Zuruckbewegen mit 
der Drehung der Kugelumlaufspindel schraub- 
verbunden ist; 

35 (h) eine erste Keilwellenmutter (62), die mit der 

ersten Drehwelle verbunden ist; 
(i) eine erste Keilwelle (63), die keilwellenartig 
mit der ersten Keilwellenmutter in Eingrrff steht 
und mit einer Schraube durch ihr vorderende 

40 verbunden ist; 

(j) eine zweite Keilwellenmutter (76), die an 
dem Antriebseinheitengehause angebracht ist; 
und 

(k) eine zweite Keilwelle (71), die keilwellenar- 
45 tig mit der zweiten Keilwellenmutter in Eingriff 

steht, wobei die erste Keilwelle drehbar durch 
das Vorderende der zweiten Keilwelle und das 
hintere Ende der zweiten Keilwelle, die mit der 
Kugelmutter verbunden ist, gestutzt ist. 

so 

6. Spritzvorrichtung fur eine elektrische Spritzgu Ban - 
lage nach Anspruch 5. wobei die Kugelumlaufspin- 
del. die Kugelmutter, die erste Keilwelle und die 
zweite Keilwelle bewegbar in den ersten und zwei- 

55 ten Rotorwellen angeordnet sind. 

7. Spritzvorrichtung fur eine elektrische SpritzguBan- 
lage nach Anspruch 1, wobei ein Absolutimpulsco- 
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dierer (85) an einem Ende der 
Kugelschneckenwelle vorgesehen ist. 

Revendicati ns 

5 

1. Dispositif d'injection pour une machine electrique 
de moulage par injection, comprenant : 

a) un carter (1 1) d'unite d'entrainement, 

b) un moteur d'homogeneisation (44) dispose a 10 
I'interieur dudit carter d'unite d'entrainement, 

c) un moteur d'injection (45) dispose a I'inte- 
rieur dudit carter d'unite d'entrainement et 
coaxial audit moteur d'homogeneisation, 

d) des premiers moyens (62, 63) de transmis- 15 
sion de la force d'entrainement, couples entre 
ledit moteur d'homogeneisation et une vis, 
capables d'empecher un mouvement relatif de 
rotation tout en permettant un mouvement rela- 
tif axial, 20 

e) des moyens (65, 69) de conversion de mou- 
vement, couples entre ledit moteur d'injection 
et ladite vis, capables de convertir un mouve- 
ment de rotation en un mouvement rectiligne 

af in de faire avancer ladite vis. 25 

f) des deuxiemes moyens (71 , 76) de transmis- 
sion de la force d'entratnement, couples entre 
ledit carter d'unite d'entrainement et ladite vis, 
capables d'empecher un mouvement relatif de 
rotation tout en permettant un mouvement rela- 30 
tif axial, et 

g) un troisieme moyen (72) de transmission de 
la force d'entratnement, couple entre lesdits 
moyens de conversion de mouvement et ladite 
vis, capable d'empecher un mouvement relatif 35 
axial tout en permettant un mouvement relatif 

de rotation. 

2. Dispositif d'injection pour une machine electrique 

de moulage par injection selon la revendication 1 , 40 
dans leque! lesdits premiers moyens de transmis- 
sion de la force d'entratnement comprennent : 

un premier arbre de rotor, creux, fixe au rotor 
dudit moteur d'homogeneisation et supporte 45 
de maniere a pouvoir tourner par rapport audit 
carter d'unite d'entratnement, 
un premier manchon cannele (62), fixe audit 
premier arbre de rotor, et 

un premier arbre canned (63) en prise par can- so 
nelures avec ledit premier manchon cannele. 

3. Dispositif d'injection pour une machine electrique 
de moulage par injection selon la revendication 1, 
dans lequel lesdits moyens de conversion de mou- 55 
vement comprennent : 

un deuxieme arbre de rotor, creux, fixe au rotor 



dudit moteur d'injection et supporte de manure 
a pouvoir tourner par rapport audit carter 
d'unrte d'entratnement, 

un arbre de vis a bille (65) couple d'un seu! 
tenant audit deuxieme arbre de rotor et sup- 
ports de maniere a pouvoir tourner par rapport 
audit carter d'unite d'entratnement, et 
un ecrou de vis a bille (69), visse sur ledit aroie 
de vis a bille, que Ton peut faire avancer ou 
reculer par rotation dudit arbre de vis a bille. 

4. Dispositif d'injection pour une machine eiectr -)e 
de moulage par injection selon la revendicati 1 . 
dans lequel lesdits deuxiemes moyens de transmis- 
sion de la force d'entratnement comprennent : 

un deuxieme manchon cannele (76) fixe audit 
carter d'unite d'entratnement. et 
un deuxieme arbre cannete (71), en prise par 
cannelures avec ledit deuxieme manchon can- 
nete. 

5. Dispositif d'injection pour une machine electrique 
de moulage par injection, comprenant : 

a) un carter (11) d'unite d'entratnement. 

b) un moteur d'homogeneisation (44) dispose a 
I'interieur dudit carter d'unite d'entratnement et 
comprenant un stator (46) fixe audit carter 
d'unite d'entratnement-et un rotor qui peut-tour- 
ner par rapport audit stator, 

c) un moteur d'injection (45) dispose a I'inte- 
rieur dudit carter d'unite d'entrainement pour 
etre coaxial audit moteur d'homogeneisation et 
comprenant un stator (48) fixe audit carter 
d'unite d'entratnement et un rotor (49) qui peut 
tourner par rapport audit stator, 

d) un premier arbre de rotor, creux, fixe au rotor 
dudit moteur d'homogeneisation et supporte 
de maniere a pouvoir tourner par rapport audit 
carter d'unite d'entratnement, 

e) un deuxieme arbre de rotor, creux, fixe au 
rotor dudit moteur d'injection et supporte de 
maniere a pouvoir tourner par rapport audit 
carter d'unite d'entrainement, 

f) un arbre de vis a bille (65) couple d'un seul 
tenant audit deuxieme arbre de rotor et sup- 
porte de maniere a pouvoir tourner par rapport 
audit carter d'unite d'entratnement, 

g) un ecrou de vis a bille (69) visse sur ledit 
arbre de vis a bille. que Ton peut faire avancer 
ou reculer par rotation dudit arbre de vis a bille, 

h) un premier manchon cannete (62), fixe audit 
premier arbre de rotor. 

i) un premier arbre cannete (63) en prise par 
cannelures avec ledit premier manchon can- 
nete et coupte a une vis par son extremite 
avant 
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j) un deuxieme manchon cannel6 (76) fix6 
audit carter d'unite d'entrainement, et 
k) un deuxieme arbre canned (71), en prise 
par cannelures avec ledit deuxieme manchon 
canned, ledit premier arbre canned 6tant sup- 5 
porte de manure k pouvoir tourner par I'extr6- 
mite avant dudit deuxieme arbre canned et 
I'extr6mite arriere dudit deuxieme arbre can- 
nele etant couplee audit 6crou de de vis a bille. 

10 

6. Dispositif d'injection pour une machine electrique 
de moulage par injection selon la revendication 5, 
dans lequel ledit arbre de vis a bille, ledit 6crou de 
vis & bille, ledit premier arbre cannele et ledit 
deuxieme arbre cannele sont places de maniere is 
amovible a I'intSrieur desdits premier et deuxieme 
arbres de rotor. 

7. Dispositif d'injection pour une machine Electrique 

de moulage par injection selon la revendication 1 , 20 
dans lequel un codeur absolu d'impulsions (85) est 
place en une extremite dudit arbre de vis a bille. 
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